Materials and Methods a) Materials
Stabilized tert-butyl acrylate was freed from inhibitor via a short column of basic aluminum oxide.
Cyclopentadiene was freshly cracked at 180 °C from dicyclopentadiene. All other chemicals were used as supplied by the manufacturers.
b) Characterization Techniques
SEC of polymeric samples was carried out on a Polymer Laboratories/Varian PL-GPC 50 Plus system, comprising an autosampler, a Polymer Laboratories 5.0 μm bead-size guard column (50 x 7.5 mm²), followed by three PL columns and a differential refractive index detector.
Measurements were performed in THF at 35 °C with a flow rate of 1 ml·min -1 . The SEC system was calibrated using linear poly(methyl methacrylate) standards ranging from 800 g·mol -1 to 1.6·10 6 g·mol -1 (MHKS parameters: K = 12.8 · 10 -5 dL g -1 , α = 0.69) 1 or polystyrene standards ranging from 500 g·mol -1 to 2.5·10 6 g·mol -1 (K = 14.1 · 10 -5 dL g -1 , α = 0.70). 2 The temperature dependent SEC (TD SEC) experiments were carried out on a PL GPC 220 high temperature chromatograph (Agilent Technologies, US), using DMAc (+ 3 g/L LiCl) as a solvent at a flow rate of 1 mL/min on an ABOA DMAc-phil column (AppliChrom, Germany). 1 H NMR spectra were measured on a Bruker Avance III 400 spectrometer with a CryoProbe at 400 MHz in CDCl3 for standard measurements and toluene-d8 in a pressure tube for measurements at elevated temperatures (HT NMR). After the stabilization of an adjusted temperature within minutes, the establishment of the equilibrium was ensured by repeated additional measurements with 16 scans before and after the actual measurement with 128 scans until (typically immediately) S4 no difference could be determined in the measured data anymore. The recyclability of the samples was checked after cooling to ambient temperature overnight. A baseline correction was applied.
Mass spectra were recorded on a Q-Exactive (Orbitrap) mass spectrometer (Thermo Fisher UV/Vis measurements were carried out on a Varian Cary 50 Bio spectrophotometer. Spectra were recorded between 300 and 800 nm and kinetics were measured at 500 nm in acetonitrile or toluene in a 10 mm path length cell with a baseline correction regarding the solvent.
Additional UV/Vis measurements of single spectra under similar conditions were carried out on an OceanOptics USB4000 spectrometer with a USB-ISS-UV-Vis detecting unit.
c) Synthesis of MTTA
A literature procedure was adopted and refined to generate the desired dithiooxalate dilinker. 3, 4 Ethylene glycol (124.1 g, 2.0 mol) and chloracetic acid (472.5 g, 5.0 mol) were dissolved in 1 L S5 xylol, Amberlyst-15 (16.0 g) was added and the reaction mixture was heated to 165 °C under reflux in a Dean-Stark apparatus for 4 h. After cooling, Amberlyst was separated via decantation and the reaction mixture was washed three times with saturated sodium carbonate solution (2x250 mL, 1x70 mL) and two times with brine (250 mL). The organic phase was dried over magnesium sulfate and the solvent was removed under reduced pressure. The product was further purified via vacuum distillation at 170 °C, yielding crystalline ethane-1,2-diyl bis(2-chloroacetate) (357.1 g, 83 %).
Subsequently, triethylamine (282 g, 2.79 mol) was added to a suspension of sulphur (60 g, 1.86
Slowly, a solution of ethane-1,2-diyl bis(2-chloroacetate) (100 g, 0.47 mol) in 100 mL DMF (dry) was added dropwise over 1 h to allow the reaction mixture to reach 40 °C. The mixture was stirred for an additional 3 h at ambient temperature and then cooled to 10 °C. Methyl iodide (145 g, 64 mL, 1.02 mol) was added dropwise within 1 h while keeping the temperature of the reaction mixture ≤ 10 °C, whereafter the mixture was stirred for an additional 2 h at 10 °C. The crude mixture was diluted with methyl tert-butyl ether (5 L) and the emerging yellow-orange precipitate was filtered-off via a short column of silica. ). 
Fig
Although the employed SEC calibration via polystyrene standards is likely inadequate for the material at hand, the method allows for a convenient visualization of the step-growth. The S13 assumedly low DPn as well as the residual starting material visible in the SEC trace ( Fig. S8 ) are probably a result of a non-functional IPDI species and is not arising due to limited reactivity, as no dienes can be identified via NMR anymore (Fig. S7) . 
Evaluation of UV/Vis Kinetics
For an evaluation of the reaction rates, the time dependent reactant concentrations were calculated via the known starting concentrations and the normalized time dependent absorbance of the C=S double bond at 500 nm, which decreases with ongoing hetero Diels-Alder reaction of the thiocarbonyl species with dienes. Via the time dependent reactant concentrations and the S14 assumption of a 2 nd order reaction ( + → ) without retro reaction at the given reaction temperatures (as computationally predicted), reaction rate coefficients are accessible via standard textbook equations:
vs. ,
, is the slope of
vs. . A typical graph can be seen in Fig. S9 . The activation energies ( ) were determined via the subtraction of the two logarithmic forms of the Arrhenius equations for the rate coefficients as determined for 25 °C (298.15 K) and 50 °C (323.15 K) with being the universal gas constant: 
TD SEC Investigations
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Averaging a broad molar mass distribution (MMD) always comes along with the risk of not taking into account or underestimating small changes in particular areas of the chromatogram. In theory, the dispersity ÐM of any step-growth polymer increases with the monomer conversion from 1.0 to 2.0. Hence, the broadness of a distribution is due to the nature of the polymerization reaction. Both dispersity and degree of polymerization (and thus the number averaged molar mass (Mn)) are related to the conversion:
These correlations clearly state that with an increase in monomer conversion (DA reaction), both
Mn and ĐM have to increase and vice versa. Consequently, those values can be monitored to follow the progress of the thermoreversible (r)DA reaction. In Fig. S10 , Mn, the monomer conversion X (as obtained from Equation S2) and ĐM are displayed.
Fig. S10. Evolution of
Mn, X and ĐM during multiple rDA/DA cycles.
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As consistent trends can be observed, the data set appears to be reliable. The accuracy (in terms of reproducibility) of the Mn determination is high (±250 g/mol), but only molar masses relative to polystyrene standards were calculated. Accordingly, the data does not allow to calculate reliable quantitative conversions, but enables displaying qualitative trends, as all measurements were performed under identical conditions.
Computational Methodology & Data General Methodology
Gibbs free energies for the Diels-Alder reactions between a monofunctional MTTA species (MTTAhalf) and several dienes were determined via standard ab initio calculations. The reactions between the difunctional full MTTA (MTTAfull) and two successive cyclopentadiene molecules and two successive sorbic alcohol molecules were also modelled. The reactants and products were considered in their optimized minimum energy conformations in the presence of a solvent field (acetonitrile), modeled using the SMD/M05-2X/6-31G(d) method. [10] [11] [12] [13] As an example, in the Diels-Alder reaction of MTTAhalf with one sorbic alcohol molecule, there are four structural isomers (Fig. S11, top row) . 
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For systems where the ring formed by the Diels-Alder reaction is flexible, multiple ring conformations can also be adopted (Fig. S11, bottom row) . These can place different substituents in axial and equatorial positions around the ring, allowing different intramolecular interactions to form within the molecule and resulting in different stabilities for the conformers. Two possible "chair-like" ring conformations were investigated for each structural isomer (shown with the sulfur "up" or "down" in Fig. S11 ). Chemical knowledge and previous experience indicates that "boatlike" conformations are likely to be higher in energy. Additionally, bond rotation leads to different molecular conformations. In our study, we screened for conformers with the bonds (a) (Fig. S12) being rotated in increments of 120°, (b) (Fig. S12 ) being rotated in increments of 60° and (c) not being rotated due to experience from other studies showing that their configuration as described in Fig. S12 are consistently more stable. For systems with the conformational spaces containing a very large number of potential structures, an Energy-Directed Tree Search algorithm (EDTS) was employed to select which conformers to investigate in detail.
14 Partition functions and hence entropies and thermal corrections to the energies were calculated using standard textbook formulae for the statistical thermodynamics of an ideal gas under the harmonic oscillator rigid rotor approximation (T = 298 K). Justification for the use of solution phase properties for this purpose can be found in reference 15 . Vibrational frequencies were scaled using recommended scaling factors for the calculation of zero point energies, thermal corrections and entropies. 16 The quasi-harmonic oscillator approximation was also applied to minimize the potentially large effects of errors in very low frequency vibrations. 15 Approximate M05-2X solution-phase Gibbs free energies (G°soln) could hence be calculated and compared by the EDTS algorithm to identify the most stable conformation for each species.
In order to calculate equilibrium constants and T20% debonding, more accurate values of G°soln were determined at a range of temperatures for the most stable conformation of each species. These were obtained using accurate Gibbs free energies calculated in the gas phase, which were combined with free energies of solvation via standard thermodynamic cycles. Gas phase energies were calculated using the high-level composite G3(MP2) level of theory. 17 All geometries were re-optimized in the gas phase using M05-2X/6-31G* for this purpose, and gas phase vibrational frequencies were also calculated. Gas phase partition functions and hence entropies and thermal corrections to the energies were determined at the temperatures of interest, as described above, and combined with the G3(MP2) energies to give ( ). Temperature dependent free energies of solvation (Δ ( )) in acetonitrile were determined based on the solution phase geometries using COSMO(RS) 18, 19 . It was also important to consider the geometric relaxation associated with solvation; this was approximated as the energy difference between the gas and solution phase geometries, calculated in the solution phase ( ). 20, 21 Solution phase free energies could hence be calculated according to Equation S4:
where Δ ( ) is a phase change correction. 22 All calculations were carried out using the Gaussian 09, 23 Molpro 2012.1 24, 25 or ADF 2014.01 26 software packages.
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For each reaction, the equilibrium constants were calculated as a function of temperature using the Gibbs free energies via the standard textbook equation. These equilibrium constants were then used to calculate the extent of debonding, and hence the temperature for 20 % debonding (T20% 
Equation S7
In these equations, K1 is the equilibrium constant for the first reaction of the diene with MTTA, and K2 is the equilibrium constant for the second reaction. Both are defined in the bonding (Diels- Key thermodynamic parameters and equilibrium constants in acetonitrile as a function of temperature, using M05-2X/6-31G* geometries and frequencies. Key thermodynamic parameters and equilibrium constants in acetonitrile as a function of temperature, using M05-2X/6-31G* geometries and frequencies. 
